Electricity Development (DOED) for power development, licensing and policy making. Under the policy of the government with priority to small, medium and large hydroelectric/power and multipurpose projects at different points in time, these organizations have assessed power potential of individual projects. It has been realized that the past effort of identifying undeveloped hydropower capacity by the different government agencies is more project-oriented, and the methodology for undeveloped hydropower resources assessment is not well defined. It is also important to note that apart from Dr. Shrestha's assessment, no agency has attempted to estimate the undeveloped hydropower capacity of Nepal on a river basin approach using the site characteristics, stream flow data and available hydrologic head. In a country of huge hydropower potential like Nepal, this issue has to be properly addressed and the methodology has to be developed.
Recent advancements in computer technology have offered many benefits in the field of water resources. The Geographic Information Systems (GIS) is such a tool with diverse applications. GIS in conjunction with the Hydropower Model could be used in a variety of hydrologic applications like delineating the drainage pattern, catchment area and assessing hydropower potential of the river reaches.
With all these understandings, this study has thus been carried out with the objective of calculating the theoretical hydropower potential of the entire country of Nepal by using ArcGIS and Hydropower Model.
Methodology
The present study could be divided into the following three components: a. Hydrological Analysis b. GIS Analysis c.
Hydropower Model Figure 1 shows the flow chart of the methodology of the research. Here, hydrological analysis leads to the basin and sub-basin wise discharge calculations. GIS analysis is aimed at calculating the elevation differences between various points of river reaches, flow accumulation, etc. Finally, the outcomes of these two are fed to the Hydropower Model, which calculates the power potential and energy.
Hydrological Analysis
Monthly discharge data of more than 100 river gauging stations from the year 1997 to 2006 were collected from the Department of Hydrology and Meteorology (DHM). Using these data, flow duration curves of each station were developed and the Q40, Q50, Q60 discharges were calculated for all the 12 months of a year. Here Q40, Q50 and Q60 represent the flow magnitude in an average year that could be expected to be equaled or exceeded 40, 50 and 60 percentile of the time respectively. The specific discharge, i.e., discharge divided by the catchment area contributing to the discharge at each gauging stations, were also worked out. It was then used to calculate the discharges at various points along the river reaches upstream and downstream of the gauging stations.
As an example see Figure 2 , where the catchment area and discharge at gauging stations 'a' and 'b' are Aa, Qa and Ab, Qb, respectively. The discharge up to gauging station 'a' could be calculated using the specific discharge at gauging station 'a'. The specific discharge at 'b' is calculated as (Qb -Qa)/ (Ab -Aa). The discharge along the main river at X, Qx is calculated as Qx = Qa + (Qb-Qa)/(Ab-Aa) * (Ax-Aa) where, Ax is the catchment area at x. The discharge at x1, Qx1 is calculated as Qx1 = (Qb-Qa)/ (Ab-Aa) * Ax1
GIS Analysis
The freely available SRTM (Shuttle Radar Topographic Mission) dataset of 3" second resolution and WGS84 datum was downloaded from seamless SRTM datasets site (http://srtm.csi.cgiar.org/). The SRTM Decimal Degree format dataset was transformed to MUTM (Modified Universal Transverse Mercator) and Everest datum and resampled to 100m resolution. The available DEM was processed using GIS software and flow direction, flow accumulation, river network, stream order, stream link and elevation along the generated rivers were calculated. GIS Grid output of flow accumulation, stream order, stream link and river elevation were converted into the ASCII format and fed to the Hydropower model.
Hydropower Model
The Hydropower model used in the study work has been developed by the author and is written in the FORTRAN program language. This model reads the ASCII data processed in GIS software and calculates head from the river elevation. It reads discharge data processed in the hydrological analysis and calculates the installed capacity, wet energy and dry energy in all generated rivers and for all discharge percentiles. The flow chart of the model is given in the 
Study Area
Most of the surface water in Nepal drains through the four major rivers; i.e., the Saptakoshi, Narayani, Karnali Other major rivers such as Mechi, Kankai, Kamala, Bagmati, Tinau, Rapti, Babai, etc., originate from the Mahabharata ranges. The Mahakali and Mechi Rivers mark the international boundaries between Nepal and India.
Saptakoshi River Basin
The Saptakoshi basin is the largest river basin of Nepal. (See Figure 5 .) It lies in the Eastern Development Region of Nepal. It encompasses a catchment area of 61,000 sq. km., of which 27,816 sq. km (i.e., 45.6%) lies in Nepal and the rest in Tibet. The highest altitude within the basin is at 8848m and represents the peak of the world; i.e., Mount Everest. The Saptakoshi River constitutes seven major tributaries; i.e., Indrawati, Sunkoshi, Tamakoshi, Likhu, Dudhkoshi, Arun and Tamor, from west to east. Out of these, three major rivers or tributaries originate in Tibet; the Sunkoshi, Tamakoshi and Arun.
Within the Saptakoshi basin, there Figure 4 . River basins in Nepal are altogether 34 discharge gauging stations in different rivers: Majhimtar and Mulghat on the Tamor River; Uwagaon and Tudkeghat on the Arun River; Rabuwaghat on the Dudhkoshi; Sangutar on the Likhu; Rasnalu on the Khimti; Busti on the Tamakoshi; Pachawarghat on the Sunkoshi; Jalbire on the Balpeni, and Chatra on the Saptakoshi.
Narayani River Basin
The Narayani basin is the second largest river basin of Nepal. It lies in the western development region covering a catchment area of 31,890 sq. km.
The basin incorporates the districts of Manang, Nawalparasi, Baglung, Chitwan, Makawanpur, Mustang, Parbat, Palpa, Gorkha, Lumjung, Myagdi, Gulmi, Syangja, Dhading, Rasuwa, Kaski, Arghakhanchi, Tanahu, and Nuwakot. It ranges from the higher Himalayas to the Terai. The highest elevation in this basin is 7163m at Ganesh Himal and the lowest is 73m at the Indo-Nepal Border.
Karnali River Basin
The Kamali River is the third largest river of Nepal. It originates from the south of Mansarovar and Rakas lakes in China (Tibet) and enters Nepal near Khojarnath flowing in southern direction.
The drainage area of Karnali River in China is approximately 2500 km 2 and that in Nepal is approximately 41500 km 
Mahakali River Basin
The catchment area of Mahakali River is approximately 15,260 km 2 , out of which about 5400 km 2 (35%) are located in Nepal. The river has its origin in Api Himal within the Himalayas. It serves, for most of its length, as the western border between Nepal and India. The river starts from Milan glacier of India and from the Lipulekh Power for 12 months of Nepal and after flowing for a length of 223 km as a border river and making numerous oxbow lakes it finally enters India from the southwest corner of Nepal. Its main tributaries in Nepal side are the Surnagad River and the Chamelia River.
Results
The outcome of the study work using the Hydropower Model is presented on Table  6 .1 below. It includes power potential and energy estimates of the Saptakoshi, Narayani, Karnali, Mahakali and other rivers. The following Tables 6.1, 6.2, 6.3 and 6.4 give the hydropower potential and annual energy estimates of the Saptakoshi, Narayani, Karnali and Mahakali Rivers, including their major tributaries at 40% flow exceedence and 80% efficiency.
It is observed that the power potential and annual energy estimates of the Narayani, Saptakoshi and Karnali River basins are 17800. 2, 17008.3, 15661.16 MW and 113373.3, 108816.9, 102324 .03 GWh, respectively. The Mahakali River would yield only 2261.83 MW of hydropower and 14980.9 GWh of energy annually. The other water sources in Nepal would have a total power potential of 1105 MW and a combined annual energy of 7043 GWh. Thus, the study shows that the total hydropower potential and corresponding annual energy capacity of Nepal on run-of river basis at 40% flow exceedence and 80% efficiency is 53,836 MW and 346538 GWh, respectively. This study also concludes that 50%, flow exceedence and 80% efficiency, total hydropower 
